; XYe3eFNFK| "D6zT6; - 1- System and Met hod of Danping Vi bration on Coil
Supports in H gh Performance Disk Drives with Rotary Actuators Background
of the Invention 1. Technical Field The present invention relates in
general to an inproved data access and storage system an ﬂ\mm ar to
an inproved system and net hod of danping vibration on a cm‘“mlmm\mm

hi gh performance disk drive with a rotary,actuator. 2. Descriptj,gn of

Prior Art Generally, a data access and storage system consi sts of one or
nore storage devices that store data on nmagnetic or optical storage nedia.
For exanple, a magnetic storage device is known as a direct access storage

devi ce (DASD) ®ystdinrghdiMétlitd o DaipingVibratidien €of SUpHRits faSks and

a disk controll er t o, manage | ocal erati Ons concerni ng The hard
di sks thensel ves ar"é'ghsﬁ’&lrf?/"ﬁaﬂ§eo£|5d1 Drivasuwith Rgﬁaasy '%PwatpﬁSe of gl ass
and ceram c, and are covered with a magnetic coating. Typically, one to six
di sks are stacked vertically on a comon spindle that is turned by a disk
drive notor at several thousand revolutions per mnute (rpn). A typical HDD
also utilizes an actuator assenBhgkgrotmed afthednoentionves nagnetic read/wite
heads to the desired | ocation on the rotating disk so as to wite
|nformat|on to o fromthe location. Wthin nost HDDs, the
magneti c read/vvrJiiwfa&ﬁﬁgalg‘aéls -2 nounted on a slider. A slider generally
serves to rrechan gal I% suBgort t he head and any el ectri cal connect i ons

bet ween t he head fd 1peiog relaies 1gyigsperal TO\/@ EPRPEF dataeacerss g sfasage
aerodynam cal | y shaped to ide over noving air in order to maintain a

uni f or m di s#y4k&s aﬁldgmp@ﬁ@ugm e ag dmpfoved s ystomaandrigettipd lof dampingbyibpatien entd ng
the head fromundesirably contacting the disk. Typically, a slider is
formed wi t hcahsuppomdty adighpepfatharce didk drivetwitisa mnaryabtuafos. ai r bearing
surface (ABS) that enables the slider to fly at a constant height close to
the di sk during operation of the disk drive. A slider is associated with
each side of each platter and flies just over the platter's surface. Each
slider is unt e forma head gi nbal assenbly (HGA). The
HGA is thenn?attagﬁ ?lpqmﬁ%wgér?-h(r?)?@&lg actuator armthat supports the entire
head flying unit_. Several sem may, be conhin dtoforma si ngl e
Tovabl e untt - havERETER b6 TS AP TEs G IGS CPOLRR 1 AP Phi e ST
system The_ head and arm assenbly is linearly or pivot aI |y moved utilizing
a magnet / cofqVvicss thattsipre dateaen F’sﬂg@fttce‘?f duicpledOmey Ghada. c BT cxasrRe, § VERpCticThe
stator of a VCMis nounted to a base plate or casting on which the spindle
i s al so nousionage dFviec rakmovonas o rigrevd adeeist sorage deNiee (RASDAtonra hTdiskndtive
internal filtration systemis then enclosed with a cover and seal assenbly

to ensure t({FEDDyand dhalks DAOLE moa dRRY &fid amtskadbvaoRel 6 madetlodaM@perations
reliability of the slider flying over the disk. Wen current is fed to the

motor, the é@%xﬂﬁl‘geché’ﬁ?skg O‘Tﬁ§ h&d cﬁQ{rsCIHén§e|T'@cts akéus%‘dﬁ? 'o?falLbfanqurPQlﬁé)J @nal

tothe applled current. The arm -3 acceleration IS ere
subst anti al e e, of, the current
read/ wite [‘%B%%%Sg %gé % 1€,|arn e %cévt:é ﬁed Wlt}rl VTR 3{1?)8? V]igtA?y?llcﬁH& S ES

appl i ed tothe ctuat or he nal to a bra eal |
cggs: ng the® rsé’égi} ulalr% 'ﬁ%lé u?%pg‘il Ih?\:f%g’é’?‘fq éplﬂﬁilleéggtllﬁ tBV@E%{yh%%bsés‘%ﬁ"é’d Y

track
motor at several thousand revolutions per minute (rpm).

A typical HDD also utilizes an actuator assembly. The actuator moves magnetic
read/write heads to the desired location on the rotating disk so as to write information to

or read data from the location. Within most HDDs, the magnetic read/write head is
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Modern HDD t hroughput and storage capacity have been substantially

i ncreased by inprovenent in actuator design which has resulted in increased
preci sion and speed in head placenent. The nore precisely the actuator can
pl ace the read/wite head, the greater the drive track density. The term
"servo bandw dth" denotes the cross-over frequency of an open | oop transfer
function applied to head positioning systens. As the track densities of
HDDs i ncrease, a high servo bandwidth is Typically required to inprove the
Track Measurenent Registration (TMR) performance. Mechani cal resonance of
the coil and carriage_is one of the domnant factors that limt the servo
bandwi dt h ofCuntdPraa ket Astiderserpmlly servasiin mpehianicale suppeande herd pramased
speed and storage capacity has resulted in ever faster and nore conpact
hard di sk delestacylldbDiectionehtshvicers theNMedéand thei gkt qfehé diskainive sgstek. dilievsdider
typically have several stacked disks that spin on a shaft at speeds

exceedi ng 10, &B6dynpmicalljesHapéd ko @AS | dvief Snding RESE BFdeK So ahSnfid @NuiATRIrR:
that 12,000 tracks per inch (TPI). As the track density of HDDs increases,

a high sery, ' v ' r L : h
efficiency %?tlarﬁ%g\go\%;ﬁ H‘ gesglgﬂgrgitoﬁoﬁlg gét%gag%?égﬁ%%b#%ﬁé@h\%wga@eagt or
performance&nd'eglcltjailbcfat(())nrsc.i t'e4di| n the prior art, a nunber of devices for and
nmet hods of |nprOV|¥|6 d?fﬁ&ﬁ‘i l&s §1§'ttl i ng performance has been proposed. For
exanple, U S. Patent Nos. 5,930,071 to Back, 5,914,837 to Edwards, and
5,666, 242 to Edwards, all address conventional nethods of danping vibration
at the pivot assenbly. Qther U S. Patents, such as 6,310,749 to Beatty, and
5, 936, 808 t o Huahypicdlbye aslider iy famedivdth eraapbddigaime paiteraof pedtorsioas on itStair |
other U S. Patents are directed to actuator danping. Exanples of this

| att er typebdarinf soidadd. (B.BPahardnables tHe, sTiA6r to3@3 at 9 cohstarg theighhtlobe ty fheidigks

pl astic overnolding on the coil. This nmethod is not appropriate for high

per f or manceq@inghopdFdtN8SorThNARKINRY, TLAHIESs REBRiafdd §{tReah e LR@adPplatter
supports to allow high TPI. U S. Patent No. 4,602,17S to Castagna, uses a

danpi ng | ay, g L i i C I C he. stiffnes f the
coil itsel fgdt%gsr%uggo‘feg?#en@&g%n%uﬁ%&éf]Ig%c et O“S“Eeedt?‘ba F'f‘.sge%ﬁ‘%‘h% orm a
t emperature_ of the danpi r. ' .this solution will] not work in

hi gh perf or sl Emag %ﬁ%@gr{@&e}}ﬁ? % H%Hﬁf’gﬂﬁta@aﬁdl tosk FeRinGGid AcHIatgr) A
high TPI. See also U.S. Patent No. 5,764,441 to Aruga. Thus, it would be
desi rabl e tHatpyippee thenentiip heade yingtundd Severalsemeigicorrms miajribei oogbired to
contribution of dynam c mechani cal deformation of a HDD suspension and head
appar at us tformiresiogle moagie podilaving eitheora bhcar dedring iot @ totagspivetahbetirgpigt al
recording system If inplenmented, such a systemwould serve to inprove the
access ti nmesystesr.f ormance, and effective track density of a HDD assenbly.
Summary of the Invention One enbodi ment of a danping assenbly for the
actuator of high performance disk drive assenbly is forned fromnultiple
material s. For exanple, the danping assenbly

The head and arm assembly is linearly or pivotally moved utilizing a magnet/coil
structure that is often called a voice coil motor (VCM). The stator of a VCM is mounted
to a base plate or casting on which the spindle is also mounted. The base casting with its
spindle, actuator VCM, and internal filtration system is then enclosed with a cover and
seal assembly to ensure that no contaminants can enter and adversely affect the reliability
of the slider flying over the disk. When current is fed to the motor, the VCM develops

force or torque that is substantially proportional to the applied current. The arm



-5 may be a constrained | ayer danpi ng apparatus. The danpi ng assenbly is
added to the actuator to danpen vibration that occurs during operation of
the drive. The danping assenbly is connected to an exterior portion of a
coil region of the actuator, which includes any portion of the voice coil,
the coil support, and/or any conbination of conponents of the coil region.
I n one version, the danping assenbly is affixed to the coil region with an
adhesive. The danpi ng assenbly of the present invention provides several
advant ages for high performance di sk drives. Adding a danping assenbly such
as constrained | ayer, danping in the coil region of the rotary actuator

hel ps danpeffcslertigniisiherriorssubsiantially prangrtaenghtohe magnitudsedfcdthd gurrette As e

i mprovi ng dynam cs settling performance to inprove overall file

i nput / out puteadiwrie diepditappronadtes rradesired Thick, alrsversd polagtyf signal isi appied voitloe
coil notor torque constant by increasing the nmagnet radius, thereby also

i mprovi ng nauteatdd, @BusivgIthelsidnal tadt ds rpbrale Sinflili@llyngausing Whedtdadtwiite behp
performance. The overall file performance is inproved by reducing settling
times associigh geld WiliddieQitly JdveF Bk ABsiadreRi | bendi ng nodes, and allowing a
hi gher torque constant to”al so I nprove nove tine. The foregoing and ot her
obj ects and advantages of the present invention wll be apparent to those
skilled in the art, in view of the follow ng detail ed description of the
preferred enbodi t o h resent jnvention, taken in conjunction with

t he appended cl a e%%%ﬁﬂé@a% FIALFSE CaRdCHY f1ave begn HbsAtfbE HICr§385dn
of Drawings So that the manner in which the features and advantages of the
i nvention, Bsimgovermentdn Aetnatonéstgn which hpereswitedaippngreased pagcésient arad speed tmd
can be understood in nore detail, nore particular description of the

i nventi on bhéadf plgcesnmmiar Tlre choad prezisehy tHeeadva@ddobyan piaee ahe eedddwiitechead, the
enbodi nent thereof which is illustrated in the appended draw ngs, which

drawi ngs f ogrentr BRS trifé thadok dehRBE! fitRatelAMselvb bandwidiAe RRADRS thd QYR BNer
that the drawings illustrate only a preferred enbodi nent of the invention

and therefo ' ey ' : e
vent on mitSEy BPin bt Bob FALEERAL ol Bleddo Bead bUGHIRE sl %4s e
schematic top,vjew.of enbodi nent. of a high rformance di sk, drive
const r uct edtr%lf d&BE‘BF%&ﬁ@@% 1PFFe3ed b‘rggs%‘ﬁ'f)rhaﬂ@‘@ﬁﬁ? Ent.yp‘ﬁgll fequieq o igpprove
isonetric view of one enbodi nent of an actuator of the high performance
di sk drive b TragkuMeasurersers\iesiittation (G negfosmanaeh| Meehapicaheagonange of them
Figure 3 is an isonetric view of the actuator of Figure 2, shown with the
danpi ng assenbind Gifidgead ohd ef dtealoniiedrdifhators Des dintip theoseraf barkdevidthefantoice

| nventi on

coil driven HDD. In addition, the demand for increased speed and storage capacity has
resulted in ever faster and more compact hard disk drive (HDD) assemblies. Modern,
high performance disk drives typically have several stacked disks that spin on a shaft at
speeds exceeding 10,000 rpm. The track densities on these disks are often more that
12,000 tracks per inch (TPI). As the track density of HDDs increases, a high servo
bandwidth becomes even more important to improve the efficiency of read/write

operations as measured by TMR as well as other performances indicators.



Referring to Figure 1, a schematic drawi ng of one enbodi nent of an

i nformati on storage system conprising a nagnetic hard disk file or drive
111 for a conputer systemis shown. Drive 111 has an outer housing or base
113 containing a plurality of stacked, parallel magnetic disks 115 (one
shown) which are closely spaced apart. Disks 115 are _7_ rotated by a
spindl e notor assenbly having a central dfive hub 117. An actuator 121
conprises a plurality of parallel actuator arns 12S (see, e.g., Figure 2)
in the formof a conb that is pivotally nounted to base 113 about a pivot
assenbly 123. A controller 119 is al so nounted to base 113 for selectively
movi ng the comb Bf th&rRROT1T6 & Bumper el devierssies and snethads pE impisyingndyRanyeown,
each arm 12S has extending fromit at |east one cantilevered | oad beam or
suspensi on $#ling Aenfagnatcechas dwdin aropiosed. r &ios duareplep U SieBaterit2¥os. 5, 9300t leth on
a slider and secured to a flexure that is flexibly nmounted to each

suspensi on BZck, SI9iel,83¥ach Bdwleedshemds 4,886 08mnet EGadAdy, aeagdideat aconkefioand/ or
magnetically wite data to disks 11 S. The level of integration called the

head gi nbal nagseddlYdanpifieashridsh angnd rﬂ)‘?vo‘ilaisg&ﬁblglh“gtg%éafjes.nmgﬁtgds&ﬂ 35,

suspension 127. The slider is usually bonded to of “susperisi on

Head 129 i i I j j i matel y 1285 1000 x 30Q m crons
and for med 71 S SLibedb i s Ts PR A RS o rlipn deibpbedn o ha e,
for exanpl e, napo,size LigpPr oxi mat g{réﬁg{gso X 1600 x 4SO mcrons) and is

r

pre- | oaded ki REY AhEE aleRts gre 0 2Cgar GHBPIAGN JeXampdes: @f hisnlafprans)
by suspension 127. Suspensions 127 have a spring-like quality which biases
or urges th¥pemcdide @Sy Ppteat NagS.390.148d0 dfardhsvhieh stilizesiplasticevabhe dingen
creation of the air bearing filmbetween the slider and di sk surface. A
voi ce coil th83oHouFkid methdd s aocapprepidtefiad highi prefoembhcenditiordrives since they
require high stiffness in the coil supports to allow high TPI. U.S. Patent No. 4,602,175 to
Castagna, uses a damping layer in the coil bobbin, which also reduces the stiffness of the
coil itself, thereby losing damping effectiveness due to the high temperature of the
damping layer. Again, this solution will not work in high performance drives since they
require high coil stiffness to allow high TPI. See also U.S. Patent No. 5,764,441 to
Aruga. Thus, it would be desirable to provide an improved method and system for
minimizing the contribution of dynamic mechanical deformation of a HDD suspension
and head apparatus to the off-track position error of read/write heads in a digital recording

system. If implemented, such a system would serve to improve the access time,

performance, and effective track density of a HDD assembly.

Summary of the Invention

One embodiment of a damping assembly for the actuator of high performance disk

drive assembly is formed from multiple materials. For example, the damping assembly



magnet assenbly 134 (top pole not shown) is also nounted to the main body
of actuator ~g_ 121 opposite the arns 125 and head gi nbal assenblies. In
t he version shown, voice coil 133 is positioned between and connected to a
coils support 136 which conprises, for exanple, a pair of finger-Ilike proj
ections that extend integrally fromthe main body of actuator 121. Myvenent
of the actuator 121 (indicated by arrow 135) by controller 119 noves head
gi nbal assenblies 129 radially across tracks on the disks 115 until the
heads 129 settle on the target tracks. The head gi nbal assenblies operate
in a conventional manner and always nove in unison with one another, unless
drive 111 u®8X bmf %qnair@nﬁ(ﬂé?aﬁéﬁa@ NEAPPHAISr sﬂ(en MRS wFFIAE ietdded He the ns
can nove independently of one another. Referring nowto Figures 2 and 3, a
nore det ai | &duapiety dampdvevikoatioattbat aursofureng operation pf thehdwwe.  Mhe tdaimping
enbodi nent, actuator 121 includes a danper or danping assenbly 14l. Danping
assenbl y l4dsseraplycsngmns@cdne aar extaier patisn tdfad ceil eegidned the watauaf ehidh?l
to danmpen vibration that occurs during operation of the drive 111. In the

versi on showgludea @Ry Hbrass @fthy vbitk ¢dil, fraé R &lppBHORRI/BF D @riAXSRlon Of
material that are connected to only a portion of an exteriof portion of the

coil region r.J321. . The " cQj Lon" | efkn erei.n as
any porti onc%?%\?gfltg gﬂ:}%i ﬂfgég&c (I)r} sﬁeg%{))é’ttﬁ{g%?ﬂg%é?sglrnlb;’ng a(f:‘f(i))fﬁr%l ﬂgl?el %)I’lll

t her eof such.tha& da%Bjng assenbly 141 may straddle multiple conponents of
coi | regi on°8¥3 Wi #b#e¥&Parti ng from the scope of the invention. -9
Danmpi ng assenbly 141 nay be affixed to coil region 143 by a nunber of
different attachnment systenms or nethods, but is preferably joined thereto
wi th an adhesive. As stated above, danping assenbly 141 may conprise

mul tipl e mat eri allse dempingeegsdnebly of isxip@send ivamsibn prordded seyeral ddvaitaygs for
apparatus, as shown in Figure 2. In this version, danping assenbly 141

i ncludes a thibh petfoprancerdiflodtivel Addlgad UampingtBEdnMly sabk s asnatdiddniayen or
stainless steel, to which is attached a | ayer of elastic, viscoelastic, or

still otherqmgiigs iithe DYXePion! ANRE ?%?rfy 24DesH ne S%ﬁgn\gﬁﬁgoﬁ %cjd%% gort%gll

vari ous conponents of danping asse 141 toget her, to actuator

In additio . he. Si nd,.shape of .danping,assenbly.141 is not linmted to
e onbodr nerddicat] 8 94ide Werely impreRing d Aunnc sediiing perfoppiance grimpioys ng
assenbly 141 e varied to et any desired performnce requirenents.

Nbr eover , aovﬁﬁe% CilRRMIOURYS P REIPHE REFRSARES. 1 1S alsg @Hows i RiBherayPige-apdl

di fferent shapes and di nensions, may be used at nultiple application points
on act uat ormePy torgHe cppEartny inejesamigothe pnasnetl salive theraby abboaimpagesg fnwrvehi gh
performance di sk drives. Adding a danping assenbly such as constrai ned

| ayer danpi tirge,i whithdurtter limpeyes filoiptitientpwatt taropghitt et formielep sTidasgeed] file

vi bration nodes for coil torsion and coil bending, thereby inproving

dynami cs segjdrforfigndess iR rves 8y treduciiy @%EnS Yigdedlaksdoiat@ WALt and coil
t hr oughput performance. This also allows Tor a higher voice coil notor

torque con : he I [ t he. nagnet
Fadius, vt omeeiides shdRIkBAMRer BELERS Ml MBS AR EMARTIT TS on
However, the danpi ng system of the present invention danpens coil torsion
and coil bending vibrations, and therefore allows -10 increased magnet
radi us and incre sef Kt . These paraneters al so inprove nove tinme, which
further inprovesHis 108goMELNLANBLELIEHE U RPYANtagSs 06 thfapresent Thvengor Mlliber i | e
performance is inproved by reducing settling tines associated with coi

t or si on andppaient @eﬁh@ﬁmg(lﬁ@ﬂést,heaam imIviewvoh theafoliogting deterleflidescupamnf theo

al so i nprove nove tine. Both of these effects contribute to inproving file

per f or manceprefetred Smbadinanylodnthey prRedm it waeonStakén Seoriirtiph &g thel ppeidedon
to attenuate coil torsion and coil bending since these two nodes normal |y

have | ow freanRnal @ ackhapaBind@awaasi ng the rate of their vibration
attenuation. These nodes are usually two of the nost problematic nodes for
hi gh perfornmance di sk drives, causing long settle times and degraded
performance, as they are excited during seek operations and often anplified
by the servo systemduring settling in high performance rotary actuator
hard di sk drives. Danping these two nbdes with the present invention nakes
the vibrations attenuate quickly, which allows higher TPl and faster access
time and performance, although it does not help increase the servo

bandw dth. Wiile the invention has been shown or described in only sone of
its forns, it should be apparent to those skilled in the art that it is not
so limted, but is susceptible to various changes w thout departing from
the scope of the invention. -11 CLAI MVE:



1. A high performance disk drive, conprising: a base; at |east one disk
rotatably connected to the base; an actuator pivotably connected to the
base, the actuator having a coil region and a transducer for reading data
fromand witing data to the disk; and a danper connected to the coi
region for danping vibration of the high performance disk drive during
operation of the high performance di sk d[éye. 2. The high performance di sk
drive of claim1, wherein the danper conprises a constrained | ayer danping
assenbly. 3. The high performance disk drive of claim2, wherein the
constrai ned | ayer danpi ng assenbly conpri ses at_ |east one netallic |ayer
secured to at |least one elastic |§9@Fpeﬁmwtmwfémwm§9 constrai ned | ayer
danpi ng apparatus is adhesively bonded to the coil region. 4. The high

per f or mance di skSethay¢heohamtenimwhichwhe fesitures el abiahtagegyofothe duvpptivs,es veell
voice coil and a coil support, and wherein the danper is connected to the
voi ce coi | . as othdrd whhichltéll Béagkn cpapphhtRRe sttah gikandr dav & eQindeds@od id mord @e@iln
the coil region conprises a voice coil and a coil support, and wherein the

danper is CRBREFABBUILO dERAPESH bf PRREAHorBbridie sthSRriP&T LSVERRSE veitel wl i ve

of claim1l, wherein the coil region conprises a voice and a 00|f support,

[ ' - . and. | both th ' il
and the coi 1QaRRaTre oS BORTALEN b B MR AR e AGRy b Brahis ifte

wherein the, coil region has.an exterior surface only a portion of which the
danper is C%fﬁ}l(gb&sggg'fl @ part of t%ls spem%cat?on. ILtl is to be noteg, hovg)ever, that the drawings

illustrate only a preferred embodiment of the invention and therefore are not to be
considered limiting of its scope as the invention may admit to other equally effective

embodiments.

Figure 1 is a schematic top view of one embodiment of a high performance disk
drive constructed in accordance with the present invention.

Figure 2 is an isometric view of one embodiment of an actuator of the high
performance disk drive of Figure 1, shown with a damping assembly exploded therefrom.

Figure 3 is an isometric view of the actuator of Figure 2, shown with the damping

assembly affixed thereto.

Detailed Description of the Present Invention
Referring to Figure 1, a schematic drawing of one embodiment of an information
storage system comprising a magnetic hard disk file or drive 111 for a computer system is
shown. Drive 111 has an outer housing or base 113 containing a plurality of stacked,

parallel magnetic disks 115 (one shown) which are closely spaced apart. Disks 115 are



8. A high performance disk drive, conprising: a base; at |east one disk
rotatably connected to the base; an actuator pivotably connected to the
base, the actuator having a coil region and a transducer | ocated opposite
the coil region for reading data fromand witing data to the disk, wherein
the coil region includes a voice coil and a coil support; and a constrai ned
| ayer danping assenbly connected to the cpil region for danping vibration
of the high performance disk drive during operation of the high performance
di sk drive, the constrained | ayer danping assenbly conprising at |east one
metallic | ayer secured to at |east one elastic |ayer, wherein the

const r ai nedrolt%?ﬂsepyd’a%‘il%@ miprapssemaly; havingne sentealydrysiaddl o Areackster 121
regi on. -13 9. The high performance disk drive of claim8, wherein the
const r ai nedcdnayrises dgripiahty efSenttsl] pciustoc erme¢2% (et pe.ph Figuwe 2 iw did forhGaf aThe
hi gh performance disk drive of claim8, wherein the constrained | ayer

danpi ng assenM that & pfiestAIBEMBANtO td heqaB |ab§MFh§ﬂ{/6t- asdelnblyhe3 hiagébrellEor Iance
di sk drive of claim8, wherein the constrai ned | ayer danpi ng assenbly is

connect ed tQ ,aRdnsidiaddlwse PPs i%rfsgle%t}«gmﬁlgm%h@mnﬁ Bﬁar?r%i ﬂ%s%ma% to %i@i?s‘

The hi gh performance disk drive o erein the coil region has an
exterior SU{f ce only a portion of which the constrained | ayer danping
assenbly is connected to. 13. A nethod of danping vibration in a high
performance di sk drive, conprising: providing a base having at |east one
rotatabl e disk and a pivot actuator including a

In the embodiment shown, each arm 125 has extending from it at least one
cantilevered load beam or suspension 127. A magnetic read/write transducer or head 129
is mounted on a slider and secured to a flexure that is flexibly mounted to each
suspension 127. The read/write heads 129 magnetically read data from and/or
magnetically write data to disks 115. The level of integration called the head gimbal
assembly is head 129 and the slider, which are mounted on suspension 127. The slider is
usually bonded to the end of suspension 127. Head 129 is typically pico size
(approximately 1250 x 1000 x 300 microns) and formed from ceramic or intermetallic
materials. Head 129 also may be, for example, nano size (approximately 2050 x 1600 x
450 microns) and is pre-loaded against the surface of disk 115 (in the range two to ten

grams) by suspension 127.

Suspensions 127 have a spring-like quality which biases or urges the slider air
bearing surface against the disk to enable the creation of the air bearing film between the
slider and disk surface. A voice coil 133 housed within a conventional voice coil motor

magnet assembly 134 (top pole not shown) is also mounted to the main body of actuator



coil region with a voice coil and a coil support; attaching a constrained
| ayer danping assenbly to the coil region of the pivot actuator; and
operating the high perfornmance disk drive with a constrained | ayer danping
assenbly affixed to the coil region, such that the constrained | ayer
danpi ng assenbly danpens vibration of the high performance disk drive.

-14 14. The nethod of claim 13, wherein t@c attaching step conprises

af fi xing the constrai ned | ayer danpi ng assenbly to the voice coil. 15. The
met hod of claim 13, wherein the attaching step conprises affixing the
constrained,| ayer danping assenbly to the coil support. 16. The met hod of
clai m 13, whek @FRpstindicaAmadrp Apd Seadeiedappissmblics flpihwerﬁm sBOWB Yaitheal

| ayer danping assenbly to both the voice coil and the coil support. 17. The
met hod of cl&l m pGitiatedrstweanhandateraeticd do st eplscamppoit 86 which ongprisés for
constrai ned | ayer danpi ng assenbly to an exterior surface of the coi
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another.

Referring now to Figures 2 and 3, a more detailed view of the actuator 121 of
drive 111 is shown. In this embodiment, actuator 121 includes a damper or damping
assembly 141. Damping assembly 141 may comprise one or materials that are added to
actuator 121 to dampen vibration that occurs during operation of the drive 111. In the
version shown, damping assembly 141 is formed from one or more layers of material that
are connected to only a portion of an exterior portion of the coil region 143 of actuator
121. The “coil region” 143 is defined herein as any portion of voice coil 133, coil support
136, and/or any combination thereof, such that damping assembly 141 may straddle
multiple components of coil region 143 without departing from the scope of the

invention.
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Damping assembly 141 may be affixed to coil region 143 by a number of different
attachment systems or methods, but is preferably joined thereto with an adhesive. As
stated above, damping assembly 141 may comprise multiple materials, and may be
formed as a constrained layer damping apparatus, as shown in Figure 2. In this version,
damping assembly 141 includes a thin layer or foil of a metallic material, such as
aluminium or stainless steel, to which is attached a layer of elastic, viscoelastic, or still
other material. Again, layers of adhesive may be used to join the various components of
damping assembly 141 together, and to actuator 121. In addition, the size and shape of
damping assembly 141 is not limited to the embodiment shown. Rather, the size, shape,
thickness, etc., of damping assembly 141 may be varied to meet any desired performance
requirements. Moreover, a plurality of damping assemblies 141, each of which may have
different shapes and dimensions, may be used at multiple application points on actuator

121.

The present invention provides several advantages for high performance disk
drives. Adding a damping assembly such as constrained layer damping in the coil region
of the rotary actuator helps dampen vibration modes for coil torsion and coil bending,
thereby improving dynamics settling performance to improve overall file input/output
throughput performance. This also allows for a higher voice coil motor torque constant
(Kt). The Kt can be increased by increasing the magnet radius, which also can increase
coil torsion and coil bending excitation. However, the damping system of the present

invention dampens coil torsion and coil bending vibrations, and therefore allows
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increased magnet radius and increased Kt. These parameters also improve move time,
which further improves file input/output throughput performance. The overall file
performance is improved by reducing settling times associated with coil torsion and coil

bending modes, and allowing a higher torque constant to also improve move time. Both

of these effects contribute to improving file performance.

It is particularly advantageous to use the present invention to attenuate coil torsion
and coil bending since these two modes normally have low frequencies, thereby
decreasing the rate of their vibration attenuation. These modes are usually two of the
most problematic modes for high performance disk drives, causing long settle times and
degraded performance, as they are excited during seek operations and often amplified by
the servo system during settling in high performance rotary actuator hard disk drives.
Damping these two modes with the present invention makes the vibrations attenuate
quickly, which allows higher TPI and faster access time and performance, although it

does not help increase the servo bandwidth.

While the invention has been shown or described in only some of its forms, it
should be apparent to those skilled in the art that it is not so limited, but is susceptible to

various changes without departing from the scope of the invention.
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CLAIMS:

1. A high performance disk drive, comprising:

a base;

at least one disk rotatably connected to the base;

an actuator pivotably connected to the base, the actuator having a coil region and a
transducer for reading data from and writing data to the disk; and

a damper connected to the coil region for damping vibration of the high

performance disk drive during operation of the high performance disk drive.

2. The high performance disk drive of claim 1, wherein the damper comprises a

constrained layer damping assembly.

3. The high performance disk drive of claim 2, wherein the constrained layer
damping assembly comprises at least one metallic layer secured to at least one elastic
layer, and wherein the constrained layer damping apparatus is adhesively bonded to the

coil region.

4. The high performance disk drive of claim 1, wherein the coil region comprises a

voice coil and a coil support, and wherein the damper is connected to the voice coil.
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5. The high performance disk drive of claim 1, wherein the coil region comprises a

voice coil and a coil support, and wherein the damper is connected to the coil support.

6. The high performance disk drive of claim 1, wherein the coil region comprises a
voice and a coil support, and wherein the damper is connected to and straddles both the

voice coil and the coil support.

7. The high performance disk drive of claim 1, wherein the coil region has an

exterior surface only a portion of which the damper is connected to.

8. A high performance disk drive, comprising:

a base;

at least one disk rotatably connected to the base;

an actuator pivotably connected to the base, the actuator having a coil region and a
transducer located opposite the coil region for reading data from and writing data to the
disk, wherein the coil region includes a voice coil and a coil support; and

a constrained layer damping assembly connected to the coil region for damping
vibration of the high performance disk drive during operation of the high performance
disk drive, the constrained layer damping assembly comprising at least one metallic layer
secured to at least one elastic layer, wherein the constrained layer damping apparatus is

adhesively bonded to the coil region.
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9. The high performance disk drive of claim 8, wherein the constrained layer

damping assembly is connected to the voice coil.

10.  The high performance disk drive of claim 8, wherein the constrained layer

damping assembly is connected to the coil support.

11. The high performance disk drive of claim 8, wherein the constrained layer

damping assembly is connected to and straddles both the voice coil and the coil support.

12, The high performance disk drive of claim 8, wherein the coil region has an
exterior surface only a portion of which the constrained layer damping assembly is

connected to.

13. A method of damping vibration in a high performance disk drive, comprising:

providing a base having at least one rotatable disk and a pivot actuator including a
coil region with a voice coil and a coil support;

attaching a constrained layer damping assembly to the coil region of the pivot
actuator; and

operating the high performance disk drive with a constrained layer damping
assembly affixed to the coil region, such that the constrained layer damping assembly

dampens vibration of the high performance disk drive.
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constrained layer damping assembly to the voice coil.

15. The method of claim 13, wherein the attaching step comprises affixing the

constrained layer damping assembly to the coil support.

16.  The method of claim 13, wherein the attaching step comprises affixing the

constrained layer damping assembly to both the voice coil and the coil support.

17. The method of claim 13, wherein the attaching step comprises affixing the

constrained layer damping assembly to an exterior surface of the coil region.



